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Power Balance Mode Control for
Boost-Type DC-DC Converter
Taichi Kawakami
Abstract
In recent years, the demand for switching converters has steadily increased. The
desired converters need to be small and have high power density, good efficiency,
good responsiveness, and good robustness. High responsiveness and high robust-
ness are required for the control systems of switching converters. Some studies
suggest that responsiveness and robustness can be improved using current mode
control. However, it is difficult to improve the control performance of boost-type
DC-DC converters significantly only by using these technologies. The power bal-
ance mode control approach can be used for solving various problems. In this
approach, control is exerted to eliminate the difference between the input power
and the output power. As a result, responsiveness and robustness can be improved
when compared to the conventional control method. In this study, the effectiveness
of the power balance mode control is confirmed using a circuit simulator.
Keywords: boost-type DC-DC converter, voltage mode control (VMC), current
mode control (CMC), sliding mode control (SMC), digital control, responsiveness,
robustness
1. Introduction
The demand for switching converters has been steadily increasing. The desired
converters should be small and have high power density, high efficiency, good
responsiveness, and good robustness. High responsiveness and high robustness are
required for the control systems of switching converters. Voltage mode control
(VMC) is the most basic control system of switching converters [1, 2]. Since the
voltage mode control uses only one voltage sensor, it can be constructed at very low
cost. However, since the stability of the control system is low, current mode control
(CMC) is used for a general switching converter [3, 4]. Some studies suggest that
responsiveness and robustness can be significantly improved using the current
mode control (CMC) approach [1–4]. However, it is difficult to improve the per-
formance of boost-type DC-DC converters significantly using only this technology.
Although buck-type DC-DC converters can be regarded as approximately linear
circuits (regardless of the time-varying circuit), this is not so for boost-type DC-DC
converters. This is because in boost-type DC-DC converters, the ON and OFF
circuit states are different. As a result, the transfer function of any boost-type DC-
DC converter includes an unstable zero (right half plane zero (RHP-zero)). There-
fore, control systems based on boost-type DC-DC converters cannot set the
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gain-crossover frequency (which determines the high-frequency response) due to
the presence of this unstable zero.
On the other hand, control of switching converter using sliding mode control
(SMC) has been studied [5–9]. Sliding mode control has high robustness and is
resistant to influences by plant fluctuations. However, the control system has a
problem that it is very complicated compared with VMC and CMC.
In this research, we developed power balance mode control (PBMC), which is
a new control method that incorporates SMC concept into CMC [10]. In the PBMC
approach, the input voltage and the output current are incorporated into the control
system as in the conventional control method, and new control items are added
by calculation. As a result, the performance of the control system can be greatly
improved, when compared with the conventional control method. Furthermore,
since the added control items are constituted by four arithmetic operations,
implementation is also very easy.
2. Transfer functions of the boost-type DC-DC converter
In this study, a single-phase boost-type DC-DC converter was used as a plant.
Figure 1 shows the circuit diagram of the plant. To obtain the transfer function of
this plant, a modeling method called the state-space averaging method was used. In
this section, various transfer functions used for designing the control system of the
DC-DC converter are described.
2.1 Derivation of the transfer function model using the state-space averaging
method
The switching converter is a time-varying circuit in which the state of the circuit
can be set to either ON or OFF. Therefore, the state-space averaging method
[11–13], which averages the circuit by a duty ratio, was used. The derivation for
obtaining the transfer function of the switching converter using the state-space
averaging method is shown below.
2.1.1 Circuit state (Q1 = ON/OFF) and state space equation
For circuit averaging, it is necessary to determine the circuit’s ON/OFF states.
When mathematically modeling the state of a circuit, the state equation and the
following output equation are used:
Figure 1.
Single-phase boost-type DC-DC converter.
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dx tð Þ
dt
¼ Ax tð Þ þ bu tð Þ
y tð Þ ¼ cx tð Þ þ du tð Þ
8<
: (1)
where u(t), input vector; x(t), state vector; y(t), output vector; A, state matrix;
b, input matrix; c, output matrix; d, direct matrix.
With respect to the circuit shown in Figure 2, the state equation and the output
equation are expressed using the following equations:
d
dt
iL tð Þ
vC tð Þ
" #
¼
a11 a12
a21 a22
" #
iL tð Þ
vC tð Þ
" #
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b11 b12
b21 b22
" #
V i tð Þ
Io tð Þ
" #
vo tð Þ ¼ c11 c12½ 
iL tð Þ
vC tð Þ
" #
þ d11 d12½ 
V i tð Þ
Io tð Þ
" #
8>>><
>>>:
(2)
In Eq. (2), the inductor current and capacitor voltage comprise the state vector,
while the input voltage and the output current comprise the input vector. Figure 2
shows the equivalent circuit for the ON and OFF states of the switch Q1.
2.1.2 Circuit state averaging using duty ratio
When the state of a circuit is averaged over one switching period using the duty
ratio, the state equation and the output equation are given as follows:
dx tð Þ
dt
¼ DAon þD0Aoffð Þ  x tð Þ þ Dbon þD0boffð Þ  u tð Þ
vo tð Þ ¼ Dcon þD0coffð Þ  x tð Þ þ Ddon þD0doffð Þ  u tð Þ
D0 ¼ 1D
8>><
>>:
(3)
Here D and D0 represent the time ratio of the ON and OFF periods in one
switching cycle, respectively. The switching converter averages the circuit state by
the duty ratio, and it can be regarded as a linear time-invariant system for frequen-
cies lower than the switching frequency. Additional characterization includes static
characteristic analysis, steady-state dynamic analysis, and Laplace transforms.
Although the transfer function of the switching converter can be derived using the
above, in this study the following derivation is omitted. The transfer function of the
Figure 2.
Equivalent circuits for the ON and OFF states. (a) Switch Q1: ON; (b) switch Q1: OFF.
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single-phase boost-type DC-DC converter is shown in Eq. (4). The transfer
functions derived using the state-space averaging method include output imped-
ance and audio susceptibility. In this chapter, the most important transfer function
is described in the control system design of the switching converter.
Gid sð Þ ¼ ΔIL sð Þ
ΔD sð Þ ¼
Kdc_i
P sð Þ 1þ
s
ωo
 
Gvd sð Þ ¼ ΔVo sð Þ
ΔD sð Þ ¼
Kdc_v
P sð Þ 1þ
s
ωesr
 
1 s
ωrhp
 
Kdc_i ¼ Io
D02
Kdc_v ¼ V i
D02
1
P sð Þ ¼
ωn
2
s2 þ 2ζωnsþ ωn2
¼ 1
s
ωn
 2
þ 2ζ
ωn
sþ 1
ζ ¼ rL þD
0rC
2D0
ffiffiffiffiffi
Co
L
r
ωn ¼ D
0ffiffiffiffiffiffiffiffi
LCo
p ωo ¼ Io
CoVo
ωesr ¼ 1
CorC
ωrhp ¼ D
0V i
LIo
8>>>>>>>>>>>>>><
>>>>>>>>>>>>>>:
(4)
where Gid(s), transfer function of the duty ratio to the inductor current; Gvd(s),
transfer function of the duty ratio to the output voltage; Kdc_i, DC gain of Gid(s);
Kdc_v, DC gain of Gvd(s); 1/P(s), second-order lag system; ζ, damping factor; ωn,
resonance frequency; ω0, zero frequency of load of the boost-type DC-DC con-
verter; ωesr, ESR zero frequency of the output smoothing capacitor; ωrhp, right half
plane (RHP) zero frequency.
2.2 Pulse modulation gain: Fm
Because the switching converter is controlled by the pulse width modulation
(PWM) signal corresponding to the duty ratio, it is necessary to modulate the
control signal from the compensator to the PWM signal. Figure 3 shows the corre-
spondence between the control signal and the PWM signal. In an analog circuit, a
comparator is used for comparing the control signal Vc to a sawtooth wave (or a
triangular wave) Vtri. Therefore, it is ON when Vc > Vtri and OFF when Vc < Vtri.
Figure 3.
PWM modulation Fm.
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The ratio per switching cycle of this relationship is the duty ratio. When a small
disturbance ΔVc(s) occurs in the control voltage Vc, a small disturbance ΔD(s) is
generated in the duty ratio D in the steady state. The relationship between these is
equal to the slope of the sawtooth wave in one switching cycle. Accordingly, when
the amplitude of the sawtooth wave is Vp-p, the transfer function of the PWM gain
Fm is expressed by Eq. (5).
Fm ¼ ΔD sð Þ
ΔVC sð Þ ¼
1
Vp‐p
(5)
From Eq. (5), when the amplitude of the sawtooth wave is Vp-p = 1 V, the PWM
gain Fm can be neglected.
2.3 Sensor gain: Kv and Ki
When current and voltage are used for feedback directly, the sensor gain can be
neglected. However, when the voltage is high, it is necessary to lower it to the
voltage value that can be provided to the controller. In addition, when inputting the
current value to the controller, it is necessary to convert it into voltage. Therefore,
when designing a control system, it is necessary to consider various sensor gains. In
this chapter, the voltage gain is denoted by Kv and the current gain is denoted by Ki.
3. Conventional control methods for the DC-DC converter
In this section, voltage mode control (VMC) and current mode control (CMC)
are compared to the power balance mode control (PBMC).
3.1 Voltage mode control (VMC)
Figure 4 shows the block diagram of the VMC. As shown, the control loop is
configured to maintain a constant output voltage. The loop transfer function
Gloop(s) of the VMC is given in Eq. (6). This control system is the simplest feedback
system.
Gloop sð Þ ¼ Gcv sð Þ  Fm  Gvd sð Þ  Kv (6)
However, there is a long phase lag due to the second-order lag system 1/P(s) in
the plant Gvd(s). Furthermore, due to the RHP-zero, there is a phase delay of up to
270° at the plant Gvd(s). Therefore, it is necessary to design a compensator for
improving such a long phase delay.
In addition, there is a gain peak owing to the LC resonance. As a result, large
overshoots or undershoots can occur in the inductor current and the output voltage
following sudden changes such as load changes. In particular, the peak inductor
Figure 4.
Voltage mode control.
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current is remarkable, and when the overcurrent protection (OCP) operates, the
DC-DC converter halts. For these reasons, VMC is typically not used in DC-DC
converters.
3.2 Current mode control (CMC)
Figure 5 shows the block diagram of the CMC. In the CMC, a control loop is
added to the voltage control loop. The loop transfer function Gloop(s) of the CMC is
given in Eq. (7):
Gloop sð Þ ¼ Gcv sð Þ  Fm
1þ Fm  Gid sð Þ  Ki  Gvd sð Þ  Kv (7)
From Eq. (7), the second-order lag system 1/P(s) in the transfer function of the
plant is approximately canceled out. In addition, the peak of the gain near the
resonance frequency disappears. As a result, no overshoots or undershoots of the
inductor current occur following sudden changes such as load changes, and stable
operation is ensured without reaching the OCP threshold. Therefore, stability and
responsiveness of the control system are much better, compared with the VMC.
Additional modes, not discussed in this chapter, include the peak current mode
control (PCMC), which is based on the CMC, and the average current mode control
(ACMC), which is used in power factor correction (PFC) converters.
4. Power balance mode control (PBMC)
In this section, the sliding mode control (SMC) of the buck-type DC-DC
converter and the power balance mode control (PBMC) applied to the boost-type
DC-DC converter are explained.
4.1 Sliding mode control (VMC) of the buck-type DC-DC converter
The SMC in the buck-type DC-DC converter, which is the foundation of the
PBMC, is described here. Figure 6 shows the block diagram of the SMC. One of the
SMCs in the buck-type DC-DC converter is the feedforward input of the charge/
discharge current of the output capacitor to the output signal of the voltage com-
pensator. For this reason, the voltage compensator adjusts the duty ratio and finely
adjusts it with the charge/discharge current of the output capacitor.
In the steady state, the amounts of charge and discharge are equivalent, and the
feedforward input can be neglected. In the transient state, the amounts of charge and
discharge are different, and the feedforward input directly adjusts the duty ratio.
Figure 5.
Current mode control.
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Because the CMC also feeds back the inductor current, the duty ratio is finely
adjusted. However, in the transient state, the inductor suppresses sudden changes
in the current, and the system’s responsiveness worsens.
On the other hand, when the charge/discharge current of the output capacitor is
used as the feedforward input, the charge/discharge current in the transient state
rapidly changes depending on the capacitor. As a result, the duty ratio can be
changed faster than for the CMC. Furthermore, when shifting from the transient
state to the steady state, the average charge/discharge current becomes zero, and
the influence of the feedforward input automatically decreases. Therefore, the
feedforward input gain automatically becomes minimal during the transient and in
the steady state.
In addition, by appropriately designing the various sensor gains and compensa-
tors of this control system, it is possible to set an operation state called the sliding
mode. It is known that the control system operating in this sliding mode is not
affected by disturbances or plant fluctuations. Therefore, responsiveness and
robustness can be improved by operating in sliding mode.
Although this output capacitor current can be detected directly, equivalent
series resistance (ESR) and equivalent series inductance (ESL) increase owing to the
addition of a shunt resistance and a current transformer, which affects the control
system and output voltage. In addition, in digital control systems, analog-to-digital
conversion cannot be performed precisely owing to an increase in the noise associ-
ated with charging/discharging. On the other hand, it is possible to derive the
charge/discharge current of the output capacitor without directly detecting it, by
appropriately detecting the output current and the inductor current and performing
the calculation. However, as the inductor current of the boost-type DC-DC con-
verter flows only to the output side during the OFF period, the output current
differs from the inductor current.
Therefore, it is necessary to consider the control system corresponding to the
step-up-type DC-DC converter considering output capacitor current detection and
digital control. In the next section, we describe the PBMC with improved respon-
siveness and robustness for boost-type DC-DC converters.
4.2 Power balance mode control
Figure 7 shows the block diagram of the PBMC. First, various blocks are
described.
• Gcv(s): transfer function of voltage compensator
• Kvo: output voltage sensor gain
Figure 6.
Buck-type DC-DC converter using sliding mode control.
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• Kio: output current sensor gain
• Kvi: input voltage sensor gain
• Kii: input current (inductor current) sensor gain
In addition, a, b, c, d, and e denote the correction coefficients. Further, the
mathematical symbols  and ÷ are the multiplier and the divider, respectively. As
shown in Figure 7, these correction coefficients are applied to all output signals
from various sensor gains. For simplicity, the correction coefficients a, b, c, and d
are the inverses of the sensor gain. Accordingly, the various correction coefficients
are given in Eq. (8).
a ¼ 1=Kvo
b ¼ 1=Kio
c ¼ 1=Kvi
d ¼ 1=Kii
8>>><
>>>:
(8)
As a result, all output signals of the correction coefficients’ block can be consid-
ered as the values for the power stage.
First, when the detected output voltage and output current are fed into the
multiplier, the output is expressed by Eq. (9).
vo  Kvo  a  io  Kio  b≈ vo  io ¼ Po∗ (9)
Thus, the output power can be calculated. Next, when the calculated output
power and the detected input voltage are provided to the divider, the output is
expressed by Eq. (10).
Figure 7.
Power balance mode control.
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vo  Kvo  a  io  Kio  b
vi  Kvi  c ≈
vo  io
vi
¼ ii∗ ¼ iL∗ (10)
Thus, the input current can be calculated. Because the input current of the
boost-type DC-DC converter is equivalent to the inductor current, it is denoted by
iL*. Finally, the calculated inductor current is compared with the detected inductor
current, and the final duty ratio is determined by adding the result of this compar-
ison and the output of the voltage compensator. From the relationship between the
calculated inductor current iL* and the detected inductor current iL, the operation
can be divided into the following three patterns. Figure 8 shows the flowchart of
the control methods.
4.2.1 Mode 1: iL* > iL
In this mode, the calculated inductor current iL* is higher than the detected
inductor current iL. As an example, consider the case in which a shift to a heavy load
occurs. Because the output current suddenly extracts electric charge from the out-
put capacitor, the calculated output Po* power increases. On the other hand, as the
input voltage corresponds to a DC voltage source such as a battery, the voltage does
not fluctuate significantly even when the load fluctuates. Therefore, the calculated
Figure 8.
The flowchart of the control methods.
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inductor current iL* increases according to the load. In contrast, the inductor cur-
rent for detection increases. Therefore, until the input power becomes equal to the
output power, the relationship of Eq. (11) holds.
iL
∗ > iL (11)
As a result, the signal to be added to the output signal of the voltage compensa-
tor becomes positive and the duty ratio increases.
4.2.2 Mode 2: iL* < iL
In this mode, the calculated inductor current iL* is lower than the detected
inductor current iL. An example would be the case in which a shift to a light load
occurs. Because the output current suddenly extracts electric charge from the out-
put capacitor, the calculated output Po* power decreases. On the other hand, as the
input voltage corresponds to a DC voltage source such as a battery, the voltage does
not fluctuate significantly even when the load fluctuates. Therefore, the calculated
inductor current iL* decreases according to the load. In contrast, the inductor
current for detection increases. Therefore, until the input power becomes equal to
the output power, the relationship of Eq. (12) holds.
iL
∗ < iL (12)
As a result, the signal to be added to the output signal of the voltage compensa-
tor becomes negative and the duty ratio decreases.
4.2.3 Mode 3: iL* = iL
In this mode, the calculated inductor current is equal to the detected inductor
current. This corresponds to a steady state, and because the input and output
powers are ideally equal, the following relation holds:
iL
∗ ¼ iL (13)
As a result, as the signal to be added to the output signal of the voltage compen-
sator becomes zero, the duty ratio does not fluctuate.
These conditions are summarized in Eq. (14).
iL
∗ > iL if Po >Pi
iL
∗ < iL if Po < Pi
iL
∗ ¼ iL otherwise Po ¼ Pið Þ
8><
>: (14)
To sum up, the PBMC is a control method that always compares the input power
and the output power and compensates for the difference if there is one. In the next
sections, operation verification studies for the different control methods are
reported.
5. Control design and simulation verification
5.1 Control design
In this study, a comparative verification of the different control systems was
performed using circuit simulations. Table 1 shows the circuit constants of the
10
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single-phase boost-type DC-DC converter, which is the analysis circuit. The control
systems were constructed using these circuit parameters.
To provide a reference for the responses of these control systems, the gain cross-
over frequencies of the loop transfer functions for the different control methods were
designed to be equal. In addition, the voltage compensator for the PBMC used the
same 2-pole-1-zero (type-2) compensator as the current mode control.
5.1.1 Voltage mode control (VMC)
The transfer function of the VMC includes second-order lag systems, as
expressed by Eq. (4). In addition, the phase lags by 180° or more, owing to the
RHP-zero. To improve the phase delay and to stabilize the operation of the control
system, a 3-pole-2-zero (type-3) compensator was used. The transfer function of
this 3-pole-2-zero compensator is given in Eq. (15).
Gc sð Þ ¼ ωi
s

1þ s
ωz1
 
1þ s
ωz2
 
1þ s
ωp1
 
1þ s
ωp2
  (15)
5.1.2 Current mode control (CMC)
A secondary delay system was included in both Gvd(s) and Gvd(s) in the loop
transfer function of the CMC. However, the current control loop is in the inner
loop, and the second-order lag system is approximately canceled out. Therefore, the
phase delay became smoother, when compared with VMC, and the resonance peak
did not appear. Therefore, the CMC used a 2-pole-1-zero (type-2) compensator.
The transfer function of the 2-pole-1-zero compensator is given in Eq. (16).
Gc sð Þ ¼ ωi
s

1þ s
ωz
 
1þ s
ωp
  (16)
where ωi, integral frequency; ωz, zero point frequency (ωz and ωz1: first point,
ωz2: second point); ωp, pole frequency (ωp and ωp1: first point, ωp2: second point).
Description Symbol Value
Inductor current (100 W design) IL 8.33 A
Output voltage Vo 48 V
Output power Po 100/200 W
Switching frequency fs 100 kHz
Inductance (100 W design) L 36 μH
Output capacitance (100 W design) Co 500 μH
Equivalent series resistance (ESR) of Co rC 58.5 mΩ
DC resistance of L (DCR) rL 20 mΩ
Resistance of drain to source (ON) of Q1 rQ 58 mΩ
Forward resistance of Q1 (diode: D) rD 130 mΩ
Table 1.
Circuit parameters and specifications.
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5.1.3 Power balance mode control (PBMC)
In the PBMC, the difference between the calculated inductor current iL* and the
detected inductor current iL is added to the output signal of the voltage compensa-
tor. The responsiveness of the output voltage is determined by the crossover fre-
quency in the open loop transfer function. Therefore, the change in the inductor
current’s reference value (calculated inductor current iL*) is much slower than the
change in the detected inductor current iL. Therefore, if the reference value of the
inductor current is regarded approximately as the DC value in the steady state, it is
almost equivalent to the configuration of the CMC.
Therefore, the voltage compensator used a 2-pole-1-zero compensator similar to
the CMC. In our simulations, for simplicity, the values of the correction coefficients
a, b, c, and d were set to 1. However, for the CMC, e was set to the CMC’s current
sensor gain (e = Ki = 0.08). In addition, by setting the various sensor gains according
to Eq. (17), calculation of the power balance control loop can be easily dealt with.
Kvo ¼ 1=Vo
Kio ¼ 1=Io
Kvi ¼ 1=V i
Kii ¼ 1=Ii
8>><
>>:
(17)
Various parameters represented by capital letters on the right side of Eq. (17) are
design values. As a result, the input/output voltage/current/power parameters were
all 1 by design.
5.2 Comparative verification using circuit simulation
In this section, a comparative verification of each control system using circuit
simulation is described. For the simulation, a circuit simulator PSIM manufactured
by Powersim Corporation is used. Configure the configuration of the power stage
and control stage using PSIM. The circuit constants of the power stage are shown in
Table 1, and the parameters of the voltage compensator of the control stage are
shown in Table 2 described later. In addition, each sensor gain and correction
constants are as in Section 5.1.3.
Table 2 shows the compensators’ parameters for the different control methods.
In addition, the gain crossover frequency of the loop transfer function was
ωc = 6283.19 rad/s (fc = 1.0 kHz). The extent of the fluctuation and the settling time
of the output voltage and the inductor current during the transient state of the load
and the input voltage were compared. The load transients were a step-up load
transient that fluctuated from 100 to 200 W and a step-down load transient that
fluctuated from 200 to 100W. In addition, the input voltage transients were a step-
up input voltage transient that fluctuated from 12 to 24 V and a step-down input
voltage transient that fluctuated from 24 V to 12 V. In the simulations, the ripple
component was large and it was difficult to identify the different components.
Gc(s) ωi (rad/s) ωz1 (ωz) (rad/s) ωz2 (rad/s) ωp1 (ωp) (rad/s) ωp2 (rad/s)
VMC 35.3 1.86  103 1.86  103 4.00  104 3.42  104
CMC 105.0 86.8 – 3.42  104 –
PBMC
Table 2.
Compensator Gc(s) parameters for different control methods.
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Therefore, the sampling frequency was reduced and a low-pass filter (LPF) was
used. In addition, the settling time of the output voltage in the step response was set
to the time required for reaching 0.2 V (approximately 1%) from the steady
value of 48 V.
5.2.1 Output voltage response for load transients
Figure 9 shows the output voltage during load transient in each control method.
Compared with CMC, over/undershoot of output voltage is small and settling time
is short in PBMC. In particular, the settling time of the output voltage of the PBMC
is very short compared with other control methods. Therefore, the PBMC can
instantaneously respond to load fluctuations.
Figure 9.
Output voltage responses for load transients. (a) Step-up load transient and (b) step-down load transient.
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5.2.2 Inductor current response for load transients
Figure 10 shows the inductor current during the load transient, for the different
control methods. From Figure 10, the rise/fall time of the inductor current of the
PBMC is very short compared with that of the other control methods. Because the
rise/fall time of the inductor current of the PBMC is very short, the settling time of
the output voltage becomes short. Although over/undershoots of the inductor cur-
rent also appear in the PBMC, the outcome can be improved by appropriately
setting the correction coefficient E.
5.2.3 Output voltage response for input voltage transients
Figure 11 shows the output voltage during the input voltage transient, for the
different control methods. Compared with the other control methods, the over/
Figure 10.
Inductor current responses for load transients. (a) Step-up load transient and (b) step-down load transient.
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undershoot of output voltage is smaller and the settling time is shorter for the
PBMC method. Therefore, a system with PBMC can instantaneously respond to
input voltage fluctuations.
5.2.4 Inductor current response for input voltage transients
Figure 12 shows the inductor current during the input voltage transient, for the
different control methods. From Figure 12, the rise/fall time of the inductor current
for the PBMC method is much shorter compared with that of the other control
methods. Because the rise/fall time of the inductor current for the PBMC method is
very short, the settling time of the output voltage is short.
Figure 11.
Inductor current responses for input voltage transients. (a) Step-up input voltage transient and (b) step-down
input voltage transient.
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5.2.5 Comparative verification of simulation results
The simulation results for the different control methods are compared below.
Table 3 lists the simulation results for the load transient response, and Table 4
shows the simulation results for the input voltage transient response. The most
efficient results are shown by *, while the least efficient ones are shown by **. From
these tables, it is evident that the PBMC method yields the most efficient results in
terms of almost all metrics, when compared with the other control systems. The
effectiveness of the PBMC method is confirmed across all simulation results.
VMC method has only output components. Therefore, it is impossible to
promptly respond to input fluctuations. Therefore, the overshoot and undershoot
in the input voltage fluctuation are much larger than the other two control methods.
Figure 12.
Inductor current responses for input voltage transients. (a) Step-up input voltage transient and (b) step-down
input voltage transient.
16
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CMC method has input and output components one by one. However, even
during transient, the settling time is long because it is always approximated to the
first-order lag system.
PBMC method has all components of input and output. Therefore, it is thought
that it be able to respond quickly to input/output fluctuations.
6. Conclusion
This chapter described fast-response and highly robust PBMC for boost-type
DC-DC converters. PBMC uses control to compensate for the difference between
input power and output power for the inner loop. Performances of the PBMC
method and conventional control methods were compared and verified using cir-
cuit simulations. As a result, the PBMC method yielded the best results on all
performance metrics. This confirms the effectiveness of PBMC.
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Target value
Vo: 48 V
Step-up transient Step-down transient
Undershoot (mV) Settling time (ms) Overshoot (mV) Settling time (ms)
VMC 795.1** 0.77 646.7* 0.78
CMC 735.2 15.10** 690.6** 14.96**
PBMC 554.6* 0.40* 667.1 0.29*
Table 3.
Simulation results for the load transient response.
Target value
Vo: 48 V
Step-up transient Step-down transient
Overshoot (mV) Settling time (ms) Undershoot (mV) Settling time (ms)
VMC 4531.9** 3.86 4048.5** 3.96
CMC 498.7 10.18** 484.9 11.69**
PBMC 235.5* 1.61* 231.8* 3.30*
Table 4.
Simulation results for the input voltage transient response.
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